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(54) A transparent substrate having a function of liquid detection 



(57) In a' transparent substrate having a function of 
optically detecting liquid without using prisms, diffrac- 
tion gratings (2 and 3) are formed on the surface of the 
glass (1) at an interior side thereof, and a light emitting 
element (4) and a light receiving element (5) are posi- 
tioned in the vicinity of the diffraction gratings (2 and 3), 
respectively. When water is attached at a total reflection 

Fig. 3 



point on the surface of the glass (1). a light propagating 
to the diffraction gratings (3) is reduced, and if the water 
covers the total reflection point as a whole, it reduces 
down to one fiftieth (1/50). Namely, it can detect the 
existence of water on the glass surface with high sensi- 
tivity and reflect in the strength of the ejected light 
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Description 

The presenl invention relates to a transparent sub- 
strate having a function of detecting existence of liquid 
such as rain drops, nurrt)er of such liquid drops per unit 
of area and amount thereof with high accuracy. 

Conventionally, there has been attempted to oper- 
ate a wiper automatically by detecting rain drops 
attached on a front glass or a window of an automobile, 
and as an example of a transparent substrate of such 
type, there is already known a construction as shown in 
Fig. 8. 

Namely, on a surface of the transparent substrate 
100 of glass plate, etc.. prisms 101 and 102 are 
adhered, and a light beam emitted from a light source 
103 is introduced through the prism 101 into the trans- 
parent substrate 100 with an angel of total internal 
reflection of the light. Then, an incident angle is so set 
that no such total internal reflection occurs if there is 
existing the liquid such as water on the surface of the 
transparent substrate 100. since the quantity of light of 
the total internal reflection changes depending on the 
existence of liquid at the point of the total internal reflec- 
tion on the glass surface, therefore the existence of liq- 
uid can be sensed by detecting an amount of the 
change with such a light receiving element 104. etc. 

In JP-A- Sho 60-216245 (1985). there is disclosed 
a detection method in which the light from the light 
source is totally reflected by the glass plate and is 
entered into the light receiving element through the 
prism, which is inferior in sensitivity Therefor the angle 
of the prism Is so set that the reflection light from the 
said rain drops enters into the light receiving elements 
only when they attach on the glass surface. 

Further, in JP-A- Sho 62-163949 (1987). there is 
disclosed a construction in which two light sources are 
prepared, the incident angle at a detecting surface of 
one of which is greater than a critical angle of the total 
reflection and that of the other of which is less than the 
critical angle of the total reflection, thereby discriminat- 
ing between the attachment of water and the others. 

Moreover, in JP-A- He! 8-261974 (1996), there is 
disclosed a construction in which transparent elec- 
trodes in shape of a comb teeth are provided inside of 
the glass plate, detecting a change in the electrostatic 
capacity between the transparent electrodes of the 
comb teeth shape, which is caused by the rain drops 
attaching on the glass plate surface, thereby controlling 
opening-closing of the windows and a heater depending 
thereon. 

However, with those having the optical detecting 
function mentioned in the above, the prisms are neces- 
sary for introducing the total reflection light into the 
glass and those prisms must be closely stuck or 
adhered onto the glass surface, therefore spending time 
and effort in work of assembling thereof. In particular, 
almost of such a window shield glass of the autonx)bile 
is designed of being curved, therefore, it is difficult to 



closely stick them on it. 

Further, for inhibiting from an unnecessary reflec- 
tion in a boundary surface between the prism and the 
glass surface, the refractive indexes must be adjusted to 

5 approach to each other as far as possible (i.e., index 
matching). For that purpose, there can be considered 
that a matching layer be provided, however, it increases 
the number of processing or steps and causes a disad- 
vantage from a view point of cost 

JO While the method as shown in JP-A-Hei 8-261974 
(1996). in which the rain drops attaching on the glass 
plate are detected by the changes in the electric resist- 
ance or the electrostatic capacity, etc.. is inferior in dura- 
bility and sensitivity, in particular, when applying it to the 

IS front glass of the automobile, it is important that the sig- 
nal must follow visibility of a driver and a fellow passen- 
ger riding together, in that sense, the optk»l one being 
preferable. 

For dissolving the problems mentioned in the 
20 above, in accordance with the present invention, there 
is provided a transparent substrate having a function of 
Ik^uid detection, conriprising: 

light generating means for generating a light beam; 
25 light receiving means for receiving the light beam: 
and 

a transparent substrate, wherein saki transparent 

substrate further comprises: 

a first diffraction grating for introducing the light 

30 beam generated from said light generating means 
into an inside of said transparent substrate and for 
refracting or penetrating the introduced light beam 
at such an angle that it causes total reflection within 
said transparent substrate; and 

36 a second diffraction grating for outputting the light 
beam reflected by the total reflection within said 
transparent substrate to sakJ light receiving means. 

As the light generating means, a LD or a LED (light 

40 emitting diode) is appropriate. Further, as the transpar- 
ent substrate, a glass plate such as the wind shiek:! 
glass of an automobile or a train, or ttie window glass of 
a building can be conskJered, and it can be a so-called 
laminated glass. In case of the laminated glass. H is 

45 preferable that on the surface of one piece of glasses 
constituting ttie laminated glass is formed with the dif- 
fraction gratings so that the diffraction gratings are 
located inskie the laminated glass in the condition of pil- 
ing up the plural pieces of glass plates. 

50 Furttier. the diffraction gratings which are made of 
resin, etc.. also can be inserted between the transpar- 
ent plates, such as the glass plates. 

Furttier, ttie diffraction grating as a principal struc- 
tural element is an optical element, which can be made 

55 by forming minute gutters on a surface of the glass 
plate. Mainly, it is designed with a pitch of ttie gutters 
within the range from 0.4 to 3 \im, and is applied differ- 
ently for various uses. The main use of the dittraction 
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grating is for spectrum separation, however, in case that 
it is used with a monochromatic light source, it can be 
used for dividing or bending the light by the refraction 
effect of light. 

Further, as the diffraction grating, others than that s 
mentioned in the above also can be applied, such as a 
diffraction grating of reflection type, a diffraction grating 
in a slit shape, and a diffraction grating, the refraction 
index of which changes periodically. 

An effect that is used in the present invention is in a ro 
phenomenon that the diffraction lights appear on the 
basis of a predetermined rule in the case that the mon- 
ochromatic light Is incident on the diffraction grating. 
The primary or 1st order diffraction light appears at a 
predetermined angle with respect to the incident light, is 
as shown in Fig. 1. Also diffraction lights of higher 
orders appear, but they are small in quantity of light, 
therefore the primary diffraction light is mainly used. 

When the incident light penetrates, an angular rela- 
tionship established between the incident light and the 20 
diffraction light is expressed by the following equation. 
Namely, assuming that the angle of the incident light is 
Oq, the angle of M-th ader e, a wave length of the inci- 
dent light X, the pitch of gutters d. the refraction index at 
an ejection side n. the refraction index of medium at the 2s 
incident side ng. then, the angle can be determined as 
follows: 

n • sin e - no • sin Oq = mX/d (m=0, ±1. ±2. ...) (1) 

so 

In case that the medium at the incident side is air 
and that at the ejection side the transparent plate, no is 
1,0 (no = 1.0). therefore, the angle of light penetrating 
through the transparent plate can be adjusted by chang- 
ing tiie angle of light incident on the diffraction grating. 35 

As mentioned in the above, by using the diffraction 
grating, it is possible to introduce the light into the trans- 
parent plate at an arbitrary angle. Further, by selecting 
the incident angle onto the diffraction grating appropri- 
ately, it is also possible to set such that the introduced 40 
light causes the total reflection within the transparent 
plate. 

Further, it is also possible to let the light penetrating 
through the transparent plate by the total reflection eject 
from the transparent plate into the air on the same prin- as 
ciple. 

Here, a general manufacturing method of the dif- 
fraction grating will be described. The diffraction grating 
which has been known conventionally is obtained by a 
transcription of a master disc onto an epoxy resin so 
painted or pasted on the surface of the transparent 
plate, such as the glass, which disc is manufactured by 
precisely cutting the gutters on a soft metal, such as alu- 
minum. 

Alternately, the minute or microscopic gutters can ss 
be realized by making exposure with an interference 
between two light beams on light sensitive resin painted 
on the transparent plate, such as the glass, to be etched 



on the exposed or non-exposed portions. 

The diffraction grating made by such the manufac- 
turing method as mentioned in the above can be applied 
to the present invention, however, it is questionable to 
apply the diffraction grating made by the transcription 
on the epoxy resin or the diffraction grating formed on 
the light sensitive resin to the use in which weather 
resistance a durability and mechanical strength are 
required. Furthermore, when trying to apply it to the 
window glass of large size and the wind shield glass, 
application of such the transcription technology and the 
exposure technology as mentioned in the above will 
cause a difficulty and is not appropriate nor adequate 
from a practical view point. 

Therefore, in accordance with the present inven- 
tion, there Is also provided a technology tor forming the 
diffraction grating directly on the transparent substrate, 
such as the glass plate etc., with a manufacturing 
method using a laser. Namely, it is possible to manufac- 
ture the diffraction grating by using of the ablation phe- 
nomenon under which the glass surface is partially 
evaporated with the laser beam. 

The ablation phenomenon is a phenomenon which 
is caused in the glass absorbing the laser beam energy 
The glass substrate is made containing the silver in the 
form of Ag atom. Ag colloid or Ag ion until a predeter- 
mined depth from the surface thereof, and further it has 
the surface to be processed with the laser beam at 
which the density of the silver is highest, as well as a 
slope in the silver density gradually decreasing down to 
the predetermined depth. Then, the ablation occurs 
from the surface layer toward inside in succession, 
therefore, hardly causing breaks, cracks or fragments 
therein. 

For introducing the silver onto the surface of the 
glass substrate, there are following metiiods: 

(1) A method, In which the glass substrate contain- 
ing monovalent alkaline ion therein is dipped into 
molten salt containing Ag ion so as to achieve an 
ion exchange. 

(2) A method, in which mixture of salt containing sil- 
ver such as silver nitrate and talc or paste-like silver 
powder is painted on the surface of the glass sub- 
strate and then it is heated. 

As the laser beam mentioned, a laser beam having 
a periodicity same to the distance or pitch of the gutters 
of the purpose is used so as to form the minute or fine 
gutters directly on the glass surface. As a method for 
obtaining a laser beam having a periodical strength dis- 
tribution, as shown in Fig. 2, there is an applicable way 
in which a mask is provided and the laser beam is radi- 
ated on the mask through an optical lens, or an another 
way in which the laser beam is divided into two beams 
'and then they are overlapped or combined together 
again at a certain angle to form the periodical strength 
distribution in the overlapped portion of them, as shown 
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in Fig. 2(b). 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 explains a function of a diffraction grating; 
Figs. 2 (a) and (b) sfiow an example of a nianufac- 
turlng method of the diffraction grating; 
Fig. 3 (a) and (b) show a perspective view of a front 
portion of an automobile to which a transparent 
substrate In accordance with the present Invention 
is applied. 

Fig. 4 (a) and (b) show an arrangement of a light 
emitting means and a light receiving means; 
Fig. 5 shows an another embodiment in the same 
manner as in Fig. 4; 

Fig. 6 shows a further another embodiment in the 

same manner as in Fig. 4; 

Fig. 7 shows a further another embodiment in the 

same manner as in Fig. 4; and 

Fig. 8 shows a construction of an example of the 

conventional art. 

Hereinafter, detailed explanation of the embodi- 
ments according to the present invention and compari- 
sons will be given by referring to the attached drawings. 

(Embodiment 1) 

Fig. 3 (a) and (b) show a perspective view of a front 

portion of an automobile to which is applied a transpar- 
ent substrate relating to the present Invention, and Fig. 

4 (a) and (b) show an exanple of arrangement or posi- 
tioning of a light emitting means and a light receiving 
means, wherein diffraction gratings 2 and 3 are formed 
on an interior side surface of a front glass 1, and the 
light emitting element 4 and the light deceiving element 

5 are positioned in the vicinity of the diffraction gratings 
2 and 3, respectively. 

The positions of diffraction gratings 2 and 3 may be 
near by a pillar as shown In Rg. 3 (a) or on the hidden 
side of the rearvlew mirror as shown in Fig. 3 (b), also 
diffraction gratings 2 and 3 are directly formed in a front 
glass 1 as shown in Rg. 4 (a) or formed in a sheet plas- 
tic plate or glass plate la and adhered onto the front 
glass 1 as shown In Fig, 4 (b). 

As the front glass mentioned atx)ve Is used a soda 
lime glass substrate which has Si02 for its main ingredi- 
ent in general. This glass substrate has a refraction 
index of 1 .48 and has a thickness of 5 mm. 

The diffraction grating is formed by radiating the 
laser beam on the surface of the glass substrate. In that 
case, for obtaining a good machinability by the laser 
beam, the introdudng of silver is done on the portions to 
be processed. In the present embodiment the ion 
exchange method is used among the methods men- 
tioned in the above. 

Ag ion exchanging process Is carried out by the fol- 
lowing steps. A mixture of silver nitrate and sodium 



nitrate at a rate of 50 nx)l%-50 mol% is used as the mol- 
ten salt for Ag ion exchange, and the glass substrate is 
dipped in rt in a reacting vessel or container of quartz 
glass for 30 minutes. The temperature of the molten salt 

5 is kept at 285 ""C in an electric furnace, and an atmos- 
phere of reaction is air. With this process. Na"^ ion dis- 
solves out of the glass surface, while Ag* ion contained 
In the salt diffuses inside from the glass surface (i.e., the 
Ion exchange occurs). Measuring the thickness of the 

JO layer in which Ag diffuses by a X-ray micro analyzer, it is 
10 ^m. The glass substrate manufactured in this man- 
ner has a good machinability by the laser beam. 

Next, in the process by a laser beam having a peri- 
odic strength distribution, an interference between two 

15 laser beams which is shown in Rg. 2 (b) is utilized. 

Namely, in the present embodiment an optical sys- 
tem Is so constructed that those two laser beams of 
wave-length 355 nm come across at an incident angle 
20^ In this case, the period of the light strength distribu- 

20 tion Is 1 020 nm. The glass substrate is set in such man- 
ner that one of the surfaces of it is located at the 
overlapped portion of those two laser beanris. and the 
ablation occurs on the glass substrate surface by radiat- 
ing the laser beam on it 

25 A lens in Rg. 2 (b) is used for increasing energy 
density on the surface of the glass substrate, and the 
energy density per a pulse is about 30 J/ar? when the 
ablation occurs. Measuring the period of the manufac- 
tured diffraction grating, it nearly coincides with the 

30 period expected. 

For achieving such the arrangement shown in Rg. 
4. two diffraction gratings are nade. Further, in the 
present embodiment since it is so constructed that the 
reflection occurs one time and the diffraction light caus- 

35 Ing the total reflection one time goes out from the other 
diffraction grating, those diffraction gratings are nfianu- 
factured being separated by a distance about 9.7 mm in 
the direction of the diffraction. Furthermore, each of the 
diffraction gratings has a circle shape and has a diame- 

40 ter of about 5 mm. 

For obtaining the angle at which the total reflection 
occurs on the t)oundary surface between the air and the 
glass, the following calculation is done by using the 
Snell's law of reflection. A general equation of the 

45 Sneil's law of reflection is expressed as desaibed below 
by the equation (2). 

Where, On and oo are angles defined with respect 
to a normal line at the boundary surface between a 
material of refraction index n and a material of refracting 

50 index r>o. 

no«sinao = n-sinan (2) 

Assuming that the refraction index of the glass is n 
55 = 1 .48 and that of the air is n© = 1 , since a condition for 
the total reflection in the inside of the glass plate is an= 
90°. then a = 42.5** can be obtained. Consequently, if it 
is greater than the angle, the total reflection occurs 
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within the medium of the glass. 

On the other hand, in case that water is adhering or 
attaching on H. the condition for occurring the total 
reflection in the inside of the glass is 64.0^, assuming 
that the refraction index of water is n = 1 .33 and calcu- 
lating in the same manner. Consequently, in a range of 
angle from 42.5° to 64.0'', the total reflection occurs in 
the inside of the glass when no water is attached on the 
surface, while it does not occur when the water is 
attached on the surface thereof, i.e.. the inside light 
beam goes out through the water. 

For causing such the reflection, the incident angle 
of the diffraction grating Is adjusted. The incident angle 
of the diffraction grating is calculated by using the 
above-mentioned equation (1) for making the reflection 
angle in the inside of the glass at 42.5°. When the dif- 
fraction grating is formed on the glass surface with the 
period 1020 nm and a primary (-i- 1st) diffraction light 
beam of 633 nm from a He-Ne laser is used, it is calcu- 
lated to be 22°. For making the reflection angle in the 
Inside of the glass at 64.0°, from the similar calculation, 
it is apparent that the incident angle of the diffraction 
grating should be 45''. In the present embodiment, first 
of all, the light beam is introduced at an angle 25°. In 
this case, the light beam causing the total reflection 
goes out from the other diffraction grating provided sep- 
arately. 

Further, when the water is adhered or attached at 
the point of the total r^lection. the light beam going out- 
side or outputted decreases in the quantity, and in par- 
ticular in the case that the water is attached over the 
total reflection point as a whole, the output light 
decreases down to as small as one-fiftieth (1/50) 
thereof. Namely, it can be seen that it can detect the 
existence of water on the glass surface with high sensi- 
tivity and reflect it in the light beam strength outputted. 
Further, by increasing the incident angle of the diffrac- 
tion grating gradually, a similar phenomenon occurs as 
mentioned in the above. 

However, if the incident angle of the diffraction grat-. 
ing comes to be greater than 64°. even if water Is 
attached at the total reflection point, no change appears 
in the quantity of light outputted. This con-esponds to the 
angle at which the inside total reflection condition does 
not change even if water is attached on the surface of 
the glass plate. 

Figs. 5. 6 and 7 show other embodiments in the 
same manner as in Fig. 4. wherein the light emitting ele- 
ment 4 is positioned at about a center of the glass sub- 
strate 1 and the light receiving elements 5 are in the 
vicinity of the both side thereof, in the embodiment 
shown in Fig. 5. 

Further, in the embodiment shown in Fig. 6. the 
glass sut)strate 1 is constructed as a laminated glass 
piling a plurality of glass plates la. and the diffraction 
gratings 2 and 3 are provided between those glass 
plates la, i.e.. on the surface of a predetermined glass 
plate 1 a. so as not to be injured. 



In the present embodiment, the input and output of 
the light beam is accomplished at a side of one surface 
of the transparent substrate, however, it is also possible 
that the input is done at an edge of the glass and the 

5 light receiving is achieved through the diffraction grat- 
ing, or, that the input is done with the diffraction grating 
and the light receiving with an edge surface of the glass. 

Further, in the embodiment shown in Fig. 7, the 
glass substrate 1 is constructed as a laminated glass 

10 piling a plurality of glass plates la, in the same manner 
of the embodiment as mentioned in Fig. 6. however, the 
diffraction gratings 2 and 3 positioned inside are not a 
penetration type but a reflection type. 

Further, by using the plus and minus primary (± 1st) 

15 diffraction lights generated from the diffraction grating at 
the same time, it is also possible to increase the area for 
detection. Furthermore, by introducing the light which 
has a cross section same to the area of the diffraction 
grating, this also increases the area for the total reflec- 

20 tion so as to inaease the sensitivity of measurement. 

Further, in those embodiments, there is disclosed 
an operation of the one element mainly from a view 
point of a principal thereof, however, it is needless to say 
that the sensitivity can be improved as well as measure- 

25 ment of an amount of liquid and a density of rain drops 
per unitary area can be achieved with high accuracy. 
Further, the incident angle changes depending on the 
difference in liquid to be detected and diffraction grat- 
ings manufactured, however.it can be dealt with the 

30 methods disclosed In the present embodiment, vari- 
ously. 

Furthermore, the diffraction grating is not only 
formed on the glass in itself, but it also can be formed in 
a sheet shape and adhered on the glass substrate, etc. 

35 As is fully explained in the above, in accordance 
with the present invention, in the transparent substrate 
having a function of detecting attachment of rain drops 
with the change in quantity of the reflected light, the dif- 
fraction grating is used for introducing the light into the 

40 transparent substrate and as a means for changing an 
angle of the light to cause the total reflection within the 
substrate, then such prisms conventionally used can be 
eliminated. 

Therefore, all of such the problems, the stickiness, 
45 the weather resistance of the adhesive, and the adjust- 
ment in the refraction indexes between the prism and 
the adhesive or between the adhesive and the glass, 
which accompany with the conventional arts when the 
prisms are adhered on the glass surface, can be dis- 
50 solved. 

Further, by using the laser processing in the form- 
ing of the diffraction grating, then the process itself 
becomes easy. Therefore, it is possible to form the dif- 
fraction grating directly on a portion of the glass plate 
55 surface of large size, such as the front glass for use in 
the automobile. 

Moreover, by introducing the silver into the surface 
of glass substrate, the ablation phenomenon occurs 
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from the surface layer thereof, thereby improving the 
machinability of the glass substrate. 

Claims 

5 

1. A transparent substrate having a function of liquid 
detection, comprising: 



7. A transparent substrate having a function of liquid 
detection as claimed in any of Claims 1 through 4, 
wherein said transparent substrate (1) is con- 
structed by piling plural pieces of layers of transpar- 
ent body, and said diffracting gratings (2, 3) are 
provided between the piled transparent body lay- 
ers. 



light generating means (4) for generating a light 
beam; 

light receiving means (5) for receiving the light 
beam; and 

a transparent substrate (1), wherein said trans- 
parent substrate further comprises: 
a first diffraction grating (2) for introducing the is 
light generated from said light generating 
means (4) into an inside of said transparent 
substrate (1) and for refracting or penetrating 
the introduced light beam at such an angle that 
it causes total reflection within said transparent 20 
substrate (1); and 

a second diffraction grating (3) for oulputting 
the light beam reflected by the total reflection 
within said transparent substrate (1) to said 
light receiving means (5). 2S 

2. A transparent substrate having a function of liquid 
detection as claimed in Claim 1. wherein said trans- 
parent substrate (1) is a glass substrate, and said 
diffraction gratings (2, 3) are directly formed on said 30 
glass substrate surface by an ablation phenomenon 
caused by irradiating a laser light 

3. A transparent substrate having a function of liquid 
detection as claimed in Claim 2. wherein silver is 3S 
contained at a surface side of said glass substrate 
(1), on which said diffraction gratings (2. 3) are 
formed. In a form of Ag atom, Ag colloid or Ag ion. 
and with such a density that it deaeases gradually 
until a predetermined depth from the surface of said 40 
glass &ut^rate(1). 

4. A transparent substrate having a function of liquid 
detection as claimed in any of preceding daims. 
wherein each of said diffraction gratings (2, 3) is 45 
diredly formed in said transparent substrate (1). 

5. A transparent substrate having a function of liquid 
detection as daimed in any of preceding daims, 
wherein each of said diffraction gratings (2. 3) is so 
formed in a transparent plate and adhered onto one 
side surface of said transparent substrate (1). 

6. A transparent substrate having a function of liquid 
detection as daimed in any of preceding daims. ss 
wherein each of said diffraction gratings (2, 3) is 
formed in a sheet and adhered onto one side sur- 
face of said transparent substrate (1). 
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Fig. 2 
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Fig. 7 
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